1. INTRODUCTION {#sec1-1}
===============

There is an eminent difference between the micro environment of tumor tissues and normal tissue. Measurements of the extracellular pH showed that the mean pH derived from tumors is o.5 units lower compared to normal tissues. These lower pH-values in tumors are caused by an increase of lactate and the hydrolysis of ATP under hypoxic conditions ([@ref1], [@ref2], [@ref3]). Interestingly, measurements of intracellular pH (pHi) show no significant difference between tumor cells and normal cells ([@ref4]).

This indicates that tumor cells establish mechanisms which allow them to keep their pHi constant in a physiologic range, as alterations within intracellular hydrogen concentration would lead to biochemical perturbations and finally to cell death. Recent investigations show that acidification of cells is one of the major events in induction of apoptosis ([@ref5], [@ref6]). The maintenance of pHi is regulated by the Na+/H+ pump under hypoxic conditions and the Na-dependent HCO3/Cl- pump ([@ref6]). The Na+/H+ exchanger regulates the concentration of sodium and hydrogen within the cell and contributes actively in cell volume control ([@ref7], [@ref8]). It is assumed that this ion pump takes part in the initialization of cell growth and proliferation in various cell species. The activation of the Na+/H+ pumps by different mitogens and growth factors, leads to alkalization which is a prerequisite for cell growth and proliferation.

This fact is confirmed by findings of decreased tumor growth in cells with non-functional Na+/H+ pumps ([@ref5], [@ref6], [@ref9], [@ref10]). Inhibition of the Na+/H+ pump could be achieved by amiloride and its analogues like e.g. 5-N-ethyl-N-isopropyl amiloride (EIPA). The Na-dependent HCO3/Cl- pump could be blocked by stilbestric derivatives as e.g. 4,4'diisathiocyanostiben-2,2'disulphonoc acid (DIDS). Recent in vitro studies feature a significant inhibition of tumor growth after blocking ion pumps ([@ref11], [@ref12]). The present work shows that inhibition of ion pumps under in vivo conditions leads to a drastic decrease of tumor growth combined with a prolonged rate of survival of laboratory animals.

2. MATERIAL AND METHODS {#sec1-2}
=======================

Laboratory animals

Experiments were carried out on DBA mice of both sexes at the age of 4 month. Laboratory animals were grown in our institute and supplied with food and aqua ad libitum.

Tumor

P815 cells derived from transformed mouse mastocitoma were cultured in modified Eagel's medium (Gibco Laboratories) supplemented with !=% fetal calf serum (FCS, 50U/ml, polymixin, 5x10^-5^ mol/L 2-mercaptoethanol, 2.2 g/L sodium bicarbonate, and 15 mmol/L HEPES at 37 °C in a 5% CO~2~ atmosphere. Suspensions of P815 cells in physiological solutions (6x10^6^ cells/0.3 ml) were intraperitoneally applied to DBA mice. After a follow-up of two weeks the occurrence of ascites was detected in animals (n=5). These animals became sacrificed and tumor cells were isolated by aspiration of the peritoneum (total cell count: 2.5x10^8^). These cells were subcutaneously injected into the tights of new DBA mice (2.5x10^6^ cells/0.1ml physiologic solution).

Chemicals

EIPA (5-N-ethyl-N-isopropyl amiloride), DIDS (4,4'diisathiocyanostiben-2,2'disulphonoc acid) purchased by Sigma. RPMI culture medium was a kind gift from the Institute of Immunology, Zagreb.

Procedure of experiments

Research is realized from 01. 01. 2012 to 31. 12. 2012 at University hospital J.E. Goethe in Frankfurt. For all experiments DBA mice with P815-induced subcutaneous tumors were used. 20 days post tumor initialization animals were randomly divided in one control group and three groups which underwent different treatments. Group A consists of 16 mice which became treated with DIDS. Group B were 17 mice treated with EIPA, and group C were 15 mice treated with combination of both, EIPA and DIDS. The control group consists of 15 mice which became injected with 0.1ml physiological solution (0.9% NaCl). All animals were not anesthetized during injection. DIDS and/or EIPA were solved in physiologic solutions at concentrations derived from preliminary experiments (results not shown). 0.1ml DIDS (10^-2^mol/L) and/or EIPA (4.3x10^-3^mol/L) were injected into the tumor center. Tumor burden became estimated at day 1, 3, 4, 6, 7, 10, 12, 13, 15, 16 and 18 after treatment.

Assessment of Effects

Tumor sizes were estimated using a qualimeter, immediately before treatment with ion-pump inhibitors. The tumor size was given as the mean of the previous measurement. Moreover, we followed the rate of survival rate of the animals.

3. RESULTS {#sec1-3}
==========

At the beginning of the series of experiments the mean tumor diameter in the control group was 9.0±0.9mm. Tumor diameter in group A was 8.4±0.6mm, in group B it was 8.6±0.8mm, and in group C it was 8.2±1.9mm. Between the different groups were no statistically relevant alterations concerning tumor size. According to the protocol we injected during 18 days inhibitors of ion pumps and physiologic solutions, respectively, into the tumors. The mean tumor diameter was in group A, B and C significantly lowered after day 6, respectively after the third injections of inhibitors (p\<0.005) ([Figure 1](#F1){ref-type="fig"}).

![The mean tumor diameter was in all treated groups significantly lowered after day 6, respectively after the third injection of inhibitors (p\<0.0005).](MA-68-76-g001){#F1}

After termination of the experiments the mean tumor diameter in the control group was 12.4±0.8mm, in group A it was 6.9±0.6mm, and in group B we measured 6.6±3.1mm. At the final day the tumor size in treated animals was twice as small as in the control group ([Figure 2](#F2){ref-type="fig"}). In addition we observed the rate of survival ([Figure 3](#F3){ref-type="fig"}). In the control group only 18% of the animals were still alive at day 18. Considering the rate of survival a statistically significant difference between treated and untreated animals was observed.

![At the final day of series of experiments the tumor diameter in the treated groups was twice as small as than in the control group.](MA-68-76-g002){#F2}

![Representation of the rate of survival at the end of series of experiment.](MA-68-76-g003){#F3}

4. DISCUSSION {#sec1-4}
=============

Previous studies demonstrated the existence of Na+/H+ ion pumps and Na+-dependent HCO3/Cl- ion pumps in P815 cells ([@ref13]). These ion pumps can be inhibited by the use of specific inhibitors like DIDS and EIPA. It was shown that DIDS and/or EIPA are able to decrease growth and proliferation of P815 cells and L292 cells under in vitro conditions ([@ref13]). In the present work we could demonstrate a similar effect of inhibitors of ion pumps under in vivo conditions. We have compared animals treated with DIDS and/or EIPA and the referring controls regarding tumor growth and rate of survival. With means of statistics we could discover a distinct difference in tumor size in all treated animals compared to the control group (p\<0.05). In all groups with treated animals (n=48) 37 animals featured reduced tumor sizes after repeated application of ion pump inhibitors. In the control group tumors grew and metastasized causing death of animals (confirmed by autopsy). Moreover, the rate of survival in treated animals was distinctly increased compared to untreated controls. It could be assumed that this effect was due to the application of DIDS and EIPA. We could not evaluate significant difference between both types of ion pump inhibitors. Results from the other investigator confirm the inhibitory effect of EIPA on tumor growth ([@ref14]). It was shown that growth of GM-CSF-stimulated monocytes was inhibited by treatment with EIPA ([@ref15]). Boyer and Tannock could demonstrate that the Na+/H+ ion pump is the major regulator for the intracellular pH in hypoxic areas of the tumor ([@ref16]). They show an anti-tumoral effect in a mouse model by treatment with amiloride, an inhibitor of Na+/H+ ion pumps, in combination with hydrolasin and nigericin ([@ref16]). Analogues of amiloride as e.g. 5-(N,N-hexamethylen) amiloride (HMA) in combination with hydrolasin and nigericin are also capable to inhibit growth of solid tumors ([@ref17]). EIPA in combination with nigericin shows, among all amiloride analogues, the strongest effect in vivo. EIPA and nigericin together with hydrolasin are able to cause death of tumor cells in vivo ([@ref18]). Regarding the body weight and the levels of serum creatinine, no toxic effect of EIPA and nigericin on normal tissues were detected ([@ref19]). Tumor cells acidificated by nigericin show a dose-dependent susceptibility towards DIDS. The combination of DIDS and nigericin enhances the anti-tumoral effect of hyperthermia in vivo ([@ref20]). The acidification of tumor cells can also be favored by treatment with some cytostatics ([@ref21], [@ref22]). An improved anti-tumoral effect of inhibitors of ion pumps was shown by Yamagata and Tannock ([@ref23]) in a long-term application (72h) of DIDS and EIPA in vivo using C3H/HeJ and Balb/c mice carrying KHT or EMT-6 tumors.

5. CONCLUSION {#sec1-5}
=============

Our results confirm that the repeated application (18d) of inhibitors of ion pumps in vivo reduce tumor growth. This study shows the effectiveness of drugs which regulate intracellular pH in tumor treatment and opens perspectives for new therapeutic options.
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